random-effects meta-analysis was conducted measuring the relative effect sizes of the different treatment regimens. Subjects: 1179 patients in 23 studies reporting the usage of ECT augmentation with antipsychotics. A total of 95 patients were tested with clozapine, and ECT (9 studies) and 1084 patients were tested with non-clozapine antipsychotics (14 studies) such as flupenthixol, chlorpromazine, risperidone, sulpiride, olanzapine, and loxapine with concurrent ECT treatment considered for systematic review. Of these, 13 studies reported pre and post-treatment scores were included in the metaanalysis. Main outcome measures: The main outcome measure was the presence and degree of both positive and negative psychotic symptoms, as measured by either of two standardized clinician administered tests, the Brief Psychiatric Rating Scale (BPRS), and the Positive and Negative Symptom Scale (PANSS). Results: The comparison of the different antipsychotics established the supremacy of ECT-augmented clozapine treatment against other typical and atypical antipsychotics. The Forest Plot revealed that the overall standard mean difference was 0.891 for non-clozapine studies and 1.504 for clozapine studies, at a 95% interval. Furthermore, the heterogeneity plots showed that while clozapine studies showed no significant heterogeneity, non-clozapine studies showed an I2 statistic value at 42.19%, suggesting moderate heterogeneity. Lastly, publication bias showed asymmetrical plots and significant values of Kendal's tau and Egger's rank test. Conclusion: ECT augmentation technique was found to be effective in the reduction of psychometric scale scores, and the resulting improvement was significant. Clozapine maintained its stance as the most effective treatment for Treatment-Resistant Schizophrenia, followed by flupenthixol.
Introduction
Schizophrenia is a complex mental disorder in which the individual suffers from an altered perception of his/her surroundings, characterized by severe impairment of one's thoughts, feelings, and actions (National Institute of Mental Health). The underlying cause of the disease has not yet been fully established; hence the treatment focuses more on the abatement of the disabling symptoms (National Institute of Mental Health). The treatment follows an intensive course of pharmacological and non-pharmacological therapies, which are used in combination to design the desired course of treatment for the patient [1] . Clozapine is the gold standard and most effective pharmacological drug prescribed for the treatment of schizophrenia [2] . Besides clozapine, other typical and atypical antipsychotics are also prescribed to the patients, depending upon the side effects and target symptom manifestations.
Clozapine is the favored choice of treatment due to its numerous advantages, such as its superior efficacy for treating both positive symptoms and negative symptoms, relatively high compliance rate compared to other treatment options, advantage in reversing tardive dyskinesia, cost-effectiveness over other agents. Most importantly, clozapine also has the added advantage of mediating addictive behaviors in patients addicted to drugs and the potential to reduce rates of suicide in this population [3] .
The studies have shown that 10%-60% of the patients show insufficient improvement following antipsychotic therapy, thereby exhibiting resistance to the drugs even to clozapine [4, 5, 6, 7] . Due to the high Quality of Life burden of schizophrenia, and the low rates of treatment success with antipsychotics alone, augmentation techniques may be pursued to improve therapeutic outcomes [8] . Augmentation techniques are employed in the most serious manifestations of the disease, and as a last line of treatment when antipsychotic treatment alone has failed [9] . Augmentation strategies are applied such as combining more than one antipsychotic agent, adding antidepressants, mood stabilizers, other agents such as glycine, d-cycloserine, dserine and electroconvulsive therapy (ECT). Some antipsychotics are used for augmentation in various combinations with or without clozapine such as risperidone, olanzapine, amisulpride, quetiapine, aripiprazole [10] . The mood stabilizers such as lithium lamotrigine and valproic acid are frequently used, under the category of antidepressants some are commonly used such as citalopram, duloxetine, and venlafaxine to alleviate symptoms in schizophrenia. However, Electroconvulsive therapy (ECT), has been agreed upon as the most robust and effective augmentation strategy producing valuable results [10] .
Many studies have shown that the augmentation of the drug responses by employing electroconvulsive therapies often rapidly improves patient's symptoms in treatmentrefractory schizophrenia [9, 11, 12, 13] . Augmentation with ECT may be used with any antipsychotics, but the best results have been found in conjunction with clozapine. Clozapine is the most effective course of treatment for schizophrenia, especially in severe stages along with ECT augmentation, but the clozapine is a highly underutilized drug because of weekly blood monitoring to detect the presence of agranulocytosis. However the risk of developing agranulocytosis is very low [2, 6] . Therefore, this study is aimed to compare the relative efficacies of ECT augmented antipsychotic therapies with that of clozapine. Such comparative meta-analysis between clozapine and other drugs will help to determine the stark differences between the capabilities of these drugs combined with ECT augmentation strategies.
The relative side effects of both clozapine and other antipsychotic drugs were also reported in the systematic review.
Existing literature on the treatment of schizophrenia offers ample insights into the efficacy of augmentation therapies [11, 14] but the relative analysis between the efficacies of different ECT-drug combinations have not been investigated into in much detail. While the current practice is to use clozapine unless contraindicated due to its gold standard status for psycho-active treatment alone, augmented therapy may differ in results. Thus, the present study aimed to compare the relative efficacies of clozapine-ECT therapy over other ECT-augmented psychoactive drugs. A meta-analysis comparing clozapine + ECT against other anti-psychotic drugs in patients with TRS will provide important guidance for clinicians attempting to treat patients with this highly debilitating, chronic condition. The present study improves upon previous studies of [15, 16, 17] by widening the body of included research and comparing them statistically on the basis of pre and post scores.
However, the meta-analysis suffered from a lack of standardization with respect to the research designs adopted across the included studies, specifically the inclusion of both clinical trials and case series. Due to the infrequent use of ECT and the high symptom burden of TRS, individual case reports and case series are more common than clinical trials and it was anticipated that this would create a bias in the literature.
Clinical psychology studies utilize a number of different scales to evaluate the patient's mental health in terms of psychosis, cognitive abilities, and other global symptoms. The types of scales utilized in the present study were the Brief Psychiatric Rating Scale (BPRS), Positive and Negative Syndrome Scale (PANSS), Clinical Global Impressions (CGI), Mini-Mental State Examination (MMSE), and Global Assessment of Functioning (GAF). These scales are frequently used in clinical studies and assessments of a patient's condition [18, 19, 20, 21] . However, the present study is centered on the BPRS and PANSS scales of psychosis, because these scales presented psychotic improvement in schizophrenia patients and helped to overcome the challenges associated with the efficient comparison of treatment outcomes in meta-analysis. A majority of the studies also adopted the PANSS and BPRS assessment scales. The PANSS scale is superior to BPRS with respect to its predictive power and greater ability to explain the variance. Hence in the present study, the BPRS scores were converted to PANSS as specified in the methodology section below [19] .
Hypothesis
The study aimed to evaluate and compare the effectiveness of combination therapy involving ECT combined with clozapine, against ECT combined with other antipsychotics, for patients with TRS. The objectives of the study are as follows:
1. To determine the efficacy of ECT plus clozapine therapy in relieving symptoms of Schizophrenia.
2. To determine the efficiency of ECT and other antipsychotics (non-clozapine) in relieving symptoms of Schizophrenia.
3. To assess whether clozapine + ECT was significantly more effective in the treatment of TRS than other antipsychotics.
Methodology
A literature review was conducted in order to identify all published literature of augmented anti-psychotic treatment of TRS, including RCT's, open-label trials, and case series. The search was conducted across the time period of 1990 to March 2017. Analysis of data was conducted using Comprehensive-Meta Analysis V3 Software (Biostat, Inc.).
Research design
The present systematic review followed the PRISMA guidelines [22] . The first task was defining relevant and appropriate objectives that clearly addressed the research topic. The definition of objectives was followed by the identification of the relevant studies, sourced from public databases like Cochrane, PubMed, and EMBASE, for journals, reports, thesis, and other relevant files.
The collected studies were assessed for their quality by subjecting them to critical review by multiple authors as per the defined inclusion and exclusion criteria that satisfied the study design. The evidence that has been collected by following the research guidelines and questions and quality assessment was then properly summarized.
Inclusion criteria
In order to be included in the current systematic review, studies meet the following criteria:
• Studies must have been published in English.
• Studies have been published during the period of 1990-March 2017.
• The design of the reported studies either double-blind, controlled trials or case series.
• All participants in included studies must be diagnosed with schizophrenia as per the standardized operational criteria included in the studies.
• Study protocols must have included ECT augmentation with the antipsychotic drug within the treatment plan.
Exclusion criteria
Exclusion criteria were instituted both to ensure the quality of data that would be included and to ensure only relevant trials would be identified in the literature search. The exclusion criteria were defined as follows:
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• Studies reporting either exclusively only ECT treatment or antipsychotics drug treatment alone.
• Any study which included adjunct therapies for augmentation of clozapine such as antidepressants, mood stabilizers etc.
• ECT augmentation, whether clozapine or any other antipsychotic drugs, used in the treatment of any other mental disorders
• Antipsychotics not used concurrently with ECT procedure during treatment.
• Studies including subjects with the history of substance abuse.
• Case reports, systemic reviews, or previously published metanalyses. 
Information sources and searches

Study selection and exclusion
Different electronic databases were searched using single keywords or combinations of different keywords as mentioned in Table 1 . The search yielded a total of 570,268 results. During the screening of the abstracts of these articles; only 44
articles were found to have fulfilled the inclusion criteria which was defined for the current study. Moreover; duplicates and studies not meeting the basic requirements of the research were eliminated. Only 23 of the 44 studies were found to be eligible for systematic review; dedicated to the specific course of treatment and patient sub groups. Out of these; 13 studies relating to the use of ECT-clozapine treatment and ECT-nonclozapine treatment (all the antipsychotics other than clozapine) were differentiated and reviewed separately during metanalysis. This was done essentially to evaluate and compare the relative efficacies of the two therapeutic methods. The overall layout of the selection process is depicted in Fig. 1 .
Primary outcome
The refined results of literature review resulted in 23 studies, as shown in Fig. 1 , which were further classified into two groups, clozapine (9 studies) and nonclozapine (14 studies) antipsychotic drug treatments, augmented by ECT. All trials involved concomitant administering of ECT and antipsychotic medications, although duration and dosage varied. Some of the studies were randomized and controlled using ECT and placebo ECT treatments, whereas others were open clinical trials, case series, or retrospective chart reviews of the patients already admitted for schizophrenia treatment (see Table 2 ).
Data extraction
Data-extraction was performed by three authors (S.A., A.K., and H.M.)
independently and using a pre-devised format. In the event of any discrepancies in data-extraction, one of the authors independently analyzed the study (S.A.) and the combined results were discussed. Data extracted included: author, year, patient demographic information (gender, age, and country), study design, number of participants, treatment plans (number of ECT treatments, types of antipsychotics, and dosage), clinical interview type and results.
Analysis
Post-systematic reviews of the 23 selected studies were re-examined for inclusion, on the basis of the type of psychiatric scales used for evaluation of mental health and relative availability of the pre-and post-treatment scores in the meta-analysis.
Thus, the studies which failed to report the results on either BPRS or PANSS scales, with respect to both the pre and post treatment scores, could not be analyzed. The meta-analysis, according to the random-effects model, was then conducted on the included studies, using comprehensive meta-analysis software (CMA v3, Englewood, NJ, USA). The random-effects model was chosen as a meta-analytic strategy due to the non-negligible differences in its methodology and design. An overall effect within each treatment group was calculated based on the clinician-administered interviews (BPRS and PANSS), and on differences in mean values with 95% confidence intervals. The data from the BPRS and PANSS scales for both the clozapine and non-clozapine group of studies was used, and the studies were analyzed by utilizing the linked score database as generated [23] , according to the EQUIPERCENTILE method. Heterogeneity was calculated using the I 2 test statistic.
Finally, publication bias was estimated using funnel plots, Begg and Mazumdar correlation rank tests and Egger's linear regression intercepts [24, 25] . Sensitivity analysis was done by removing the studies which had effect sizes of SMD > 2.0, which represented an outlying effect size. Correlation values between the pre and post scores were imputed since they were not available for any of the studies [26] . 
Results
A total of 23 studies were included in the systematic review, with 9 assessing ECT and clozapine treatment, and 14 studies assessing augmented ECT treatment with other antipsychotics. Demographic details, disease characteristics, and average dosage were included and represented in Table 2 . Information regarding nonclozapine-ECT treatment is mentioned in Table 3 and clozapine-ECT treatment in Table 4 , respectively. The 23 studies included 1179 patients, wherein 95 patients were treated with concurrent administration of clozapine and ECT, and 1084 patients received ECT treatments with simultaneous administration of drugs belonging to the non-clozapine group. The main drugs belonging to the nonclozapine class, encountered in the present studies were flupenthixol, chlorpromazine, risperidone, olanzapine, sulpiride, and loxapine, with the majority being administrations of flupenthixol.
BPRS: Brief Psychiatric Rating Scale; PANSS: Positive and Negative Syndrome Scale; MMSE: Mini-Mental State Examination
All the studies reported improvement in the BPRS or PANSS scores of the patients after they underwent ECT augmentation with antipsychotics. However, in two studies [36, 37] , exacerbation of negative symptoms of schizophrenia, post-ECT augmentation with flupenthixol, was observed in some patients. Other studies [27, 31, 38, 39] reported exhibition of mild extrapyramidal symptoms in some patients. Also in the study conducted by Chanpattana and Sackeim et al., 2010 [36] improvement of the BPRS scores was observed to a greater extent in females than males. Another unique study [40] recorded higher improvement in the scores of female subjects across all three of its study groups. The study groups differed on the basis of the intensity of the ECT treatment administered to the patients.
Two studies researched to ascertain the efficacies of ECT augmentation by grouping the patients into ECT and placebo-ECT groups [35, 27] . These studies found that ECT-group patients demonstrated higher improvement in the psychometric analysis. However, the resulting differences were not statistically significant. In a comparative study Ravanić 
ECT augmentation of clozapine
All studies testing clozapine-augmented ECT-therapy found an improvement in BPRS and PANSS scores, post-ECT augmentation treatment, and showed promising results in stabilization of disabling symptom even in aggressive patients [41] . It was also seen that clozapine administration produces only mild extra-pyramidal symptoms, contrary to the belief that clozapine is a harmful drug with significant side effects, resulting in its underutilization [6] . Similar insufficiency of lifethreatening side effects as a reason for rejection of clozapine have been demonstrated by epidemiological studies carried out in the USA and Finland [42, 43] .
Meta-analysis
The present meta-analysis drew its conclusions from pre-and post-treatment scores of the psychometric scales, which were provided in only 13 studies out of the 23 studies. In these studies, the treatment was assessed using either BPRS or PANSS scales. The analyses were conducted separately for clozapine and non-clozapine studies, to compare treatment efficacy. Effect sizes were calculated in order to determine whether clozapine and non-clozapine treatment regimens lead to different results, with efficacy and sensitivity of the treatment calculated according to Durlak et al., 2009 [44] . The larger the value of effect size, the larger the difference in outcome, and the greater the efficacy of the superior regime. The overall effect size (standard difference in means) for non-clozapine and clozapine groups was 0.89 and 1.50, at 95% confidence interval respectively, as shown in Within-group analysis allowed the assessment of best possible methodology for the treatment of treatment resistant schizophrenia. This was done by comparing the within-group effect sizes, such that a large effect size indicated a larger improvement from pre-to post-intervention test scores. In the non-clozapine group, the tri-weekly ECT treatment accompanied with flupenthixol drug as administered by Chanpattan et al., 2000 [40] was found to be the most effective with an effect size of 1.78, p = 0.003 as shown in Fig. 2 (a) . The study by Satajovic and Meltzer et al., 1993 [32] in the clozapine group and Benatov et al., 1996 [45] in non-clozapine group had higher values of effect size, 2.29 and 6.08, but a wide confidence interval. Hence, these studies were concluded to be less precise [46] .
Similarly, within the clozapine group of studies, the results from the study [41] presented by the effect size of 2.09, p = 0.004, were found to represent the largest effect size. The current metaanalysis included the administration of an average of 12 ECT treatments in participants, with a mean clozapine dosage of 525 mg/day.
Concerning heterogeneity studies, only the non-clozapine group of studies showed evidence of heterogeneity. The value of I 2 statistic was 42.19, indicating moderate heterogeneity among the studies [47] . Publication bias was tested, and the funnel plot was obtained as shown in Fig. 3 and Fig. 4 . The plot for the non-clozapine group was asymmetrical as shown in Fig. 3 , and the Begg Mazumdar (Kendall's tau = 0.98, p = 0.00) and Egger's rank test (intercept = 2.80, p = 0.00) indicated the presence of bias.
However, the clozapine group of studies did not demonstrate heterogeneity (I 2 = 0), indicating that the studies showed similar intervention effects. Following similar methodology, publication bias was assessed with a funnel plot as shown in Fig. 4 . The plot was asymmetrical, and again, the Begg-Mazumdar (Kendall's tau = 0.93, p = 0.004) and Egger's rank test (intercept = 1.97, p = 0.00) indicated the presence of bias. Sensitivity analysis was carried out for both groups of studies separately, and no significant change in the overall effect size was observed. Hence the results could be regarded with high certainty [47] .
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Side effects of ECT
ECT can be very effective in treating many psychiatric conditions, but there are potential concerns regarding its more adverse effects, ranging from cognitive effects, prolonged seizures, alterations in blood pressure, and cardiovascular complications. Earlier in its history, ECT was administered without anesthesia; later anesthesia was added to it in order to reduce its side effects, such as muscle damage and bone fractures. Also, back in the beginning, sine-wave electrical current ECT devices were the most commonly used ones. However, because of their cognitive side effects, for example, memory impairment, the American Psychiatric Association eventually considered this type of ECT unjustified [48] , and now it is recommended to use brief-pulse wave as the standard ECT treatment [48, 49] . Despite concerns regarding the safety of ECT, the majority of studies from this meta-analysis didn't observe the occurrence of any significant adverse effects with combination treatment [11, 13, 16, 30, 31, 32, 34, 50] . Conversely, a few studies did report potential side-effects from ECT [22] . Grover et al., 2015 reported that two of its study participants developed prolonged seizures, and one patient developed a transient rise in blood pressure [29] . Another study also reported that patients with ECT treatment developed seizures [33] . Still another study reported a higher incidence of a headache and memory impairment in subjects who received ECT [14] .
Discussion and conclusion
Treatment Resistant Schizophrenia (TRS) is defined as schizophrenia cases where there have been at least two failed treatment trials with antipsychotic medications administered with a minimum duration and dosage [51] . A patient is found to have treatment-resistant schizophrenia when (1) [15] . The analysis of scores produced significant information with respect to the degree of relief provided by the treatment design during the course of procedure. It also allowed for intra-and inter-class comparison of the non-clozapine and clozapine drugs respectively. This inter-drug comparison found clozapine to be more effective in treating schizophrenia symptoms. This is in-line with previous research [15, 52, 53] . It was also seen that, among the non-clozapine groups, flupenthixol was most frequently used, and was found to be the most efficient in relieving treatmentresistant schizophrenia, when augmented with ECT. Previous analyses and studies [14, 54] have focused on the comparison of treatment and control groups, with respect to a specific drug class, and this has led to the ignorance and exclusion of other important information generated by the open trials. Hence, the comparison of the results produced by these other studies, directed towards relieving the symptoms of treatment-resistant schizophrenia as researched in this present study, not only identified the superior drug for treatment, but also allowed identification of the most effective drug within the different classes.
Limitations
The current meta-analysis has benefited from access to a large sample size derived from studies of acceptable quality. However, there are still limitations to the scope of this work which would benefit from being expanded in future research. The first limitation was the methods used in measuring efficacy of the treatment regimes.
The decision to use pre/post survey data led to some of the studies necessarily being excluded, as this data did not match their design. Future research would benefit from devising scoring systems which include these studies. The systematic review also revealed that there was a lack of RCTs conducted using pharmaceutically augmented ECT regimes. The present metaanalysis included published literature up to March 2017. The latest published retrospective case series study by Kim et al., 2017 [11] , was found eligible for the study. However, the dearth of RCTs studies, which led to reliance on open-label trials, subsequently introduces the possibility of bias due to lack of randomization blinding. Heterogeneity in the literature also limited the findings of this current study.
Particularly within the non-clozapine trials, methodological differences were commonplace. This makes drawing inferences difficult, but no less important.
Future assessments would benefit in further expanding the literature in nonclozapine-augmented ECT studies, even expanding upon the findings of Chanpattana et al., 2010 [36] , which found gender differences in the efficacy of flupenthixol. Furthermore, only studies published in English were considered for analysis. Research conducted in other languages would not doubt contribute significantly to the knowledge base around this subject. The authors encourage any researchers with findings in another language to present or publish them. Translation was considered for the current study, but the risk of introducing errors into the data was considered too great.
Implications of the research
The conclusions and limitations of the present research provide fertile ground for future research. The absence of a large field of RCT's on this subject is a significant limitation to informed clinical practice, and considering the efficacy demonstrated in the current meta-analysis, future work in this area would seem worthwhile. ECT has a controversial history. But in light of its potential in treatment-resistant conditions of many kinds, including schizophrenia, coupled with the current lack of understanding of its various mechanisms of action and outcomes, further, more in-depth research is likely to provide patients with significant benefits.
It is recommended that clozapine be utilized as the "gold-standard" antipsychotic medication in conjunction with ECT. Any future trials should seek to test ECT-augmented antipsychotic therapy both against a placebo control, and a gold-standard therapy. Both superiority and non-inferiority trials would be of value because clozapine has a significant side-effect profile, and is, despite its benefits, still not prescribed by many psychiatrists [55] .
Identification of the most efficacious combination therapy and assessment of how well these therapies are tolerated could lead to improvements in both the quality of life and compliance for patients currently experiencing poor outcomes. Although this metaanalysis has provided significant new information suggesting a new firstline treatment, the body of research in this field continues and should continue to grow, with further analyses being conducted to update its findings. Assessment of long-term studies focusing on compliance, long-term side-effect profiles, and symptom-management will inform treatment recommendations in a way that was, unfortunately, not possible in the present analysis.
Future trials could improve on the current literature by increasing duration of follow-up assessment. Concerns of consent rates and patient attitudes towards ECT are also of concern. Specific programs designed to better explain and address concerns about this procedure would likely improve consent, compliance, and retention.
Declarations
Author contribution statement Rizwan Ahmed, Amira Etman: Contributed reagents, materials, analysis tools or data.
Michael Esang: Conceived and designed the experiments; Performed the experiments, Wrote the paper.
Mustafa Qureshi: Analyzed and interpreted the data; Wrote the paper.
Funding statement
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
